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 ABSTRACT 
 The aim of the study was to quantify the effects of 
composite β- and κ-casein (CN) genotypes on genetic 
variation of milk coagulation properties (MCP); milk 
yield; fat, protein, and CN contents; somatic cell score; 
pH; and titratable acidity (TA) in 1,042 Italian Holstein-
Friesian cows. Milk coagulation properties were defined 
as rennet coagulation time (RCT) and curd firmness 
(a30). Variance components were estimated using 2 ani-
mal models: model 1 included herd, days in milk, and 
parity as fixed effects and animal and residual as ran-
dom effects, and model 2 was model 1 with the addition 
of composite β- and κ-CN genotype as a fixed effect. 
Genetic correlations between RCT and a30 and between 
these traits and milk production traits were obtained 
with bivariate analyses, based on the same models. The 
inclusion of casein genotypes led to a decrease of 47, 68, 
18, and 23% in the genetic variance for RCT, a30, pH, 
and TA, respectively, and less than 6% for other traits. 
Heritability of RCT and a30 decreased from 0.248 to 
0.143 and from 0.123 to 0.043, respectively. A moderate 
reduction was found for pH and TA, whereas negligible 
changes were detected for other milk traits. Estimates 
of genetic correlations were comparable between the 
2 models. Results show that composite β- and κ-CN 
genotypes are important for RCT and a30 but cannot 
replace the recording of MCP themselves. 
 Key words:   additive variance ,  casein genotype ,  co-
agulation property ,  Holstein breed 
 The improvement of milk coagulation properties 
(MCP) is a hot topic in dairy cattle genetics, mainly 
because the amount of milk used for manufacturing 
cheese is growing worldwide (Schmit and Kaiser, 2006) 
and several studies have confirmed the role of MCP 
in cheese-making (Aleandri et al., 1989; Wedholm et 
al., 2006; De Marchi et al., 2008). Exploitable addi-
tive genetic variation exists for coagulation ability of 
milk, and heritability estimates range from 15 to 40% 
(Ikonen et al., 1999a; Ikonen et al., 2004; Cassandro et 
al., 2008). Recently, De Marchi et al. (2009) proposed 
the use of mid-infrared spectroscopy to routinely record 
MCP on individual milk samples, and Cecchinato et al. 
(2009) suggested that the application of this technique 
on a large scale for the genetic improvement of MCP 
is feasible. 
 Casein polymorphisms have been extensively inves-
tigated in the past along with their associations with 
milk production traits (Ng-Kwai-Hang et al., 1986; 
Aleandri et al., 1990) and technological properties of 
milk (Okigbo et al., 1985; Marziali and Ng-Kwai-Hang, 
1986). In these studies, attention was focused on the 
effect of individual milk CN loci separately rather than 
the effect of composite genotypes on yield, composi-
tion, and cheese-making properties of milk. Because 
of the close linkage between the CN loci on the bo-
vine chromosome 6 (Ferretti et al., 1990; Threadgill 
and Womack, 1990), the alleles of different CN are in 
linkage disequilibrium, leading to biases in estimation 
of genotype effects when individual CN are simultane-
ously included in a model (Mayer et al., 1997; Ojala et 
al., 1997; Ikonen et al., 1999b). Consequently, the use 
of CN genotype combinations or haplotypes is a more 
appropriate approach to estimate the effects of these 
loci on milk production traits (Ikonen et al., 1999b, 
2001; Boettcher et al., 2004; Caroli et al., 2004) and 
MCP (Hallén et al., 2007; Comin et al., 2008). 
 Only Ikonen et al. (1999a) investigated changes in 
additive genetic variance of MCP when records were 
adjusted for CN genotype effects using an animal 
model. That study was mainly based on information 
from Finnish Ayrshire cows, and no data are currently 
available on the effects of aggregate CN genotypes on 
the genetic variation of MCP in Holstein populations. 
Hence, the objective of the present study was to quantify 
the contribution of composite β- and κ-CN genotypes 
on additive genetic variance of rennet coagulation time 
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(RCT; min), curd firmness (a30; mm), milk yield, and 
milk quality traits in Italian Holstein-Friesian cows.
Data from a previous research study were used (for 
details see Cassandro et al., 2008). Briefly, a total of 
1,042 multiparous Holstein cows, progeny of 54 AI 
sires, were sampled once in 34 herds located across the 
provinces of Padova, Treviso, and Venezia (northeast 
Italy) from January to July 2004. The average number 
of daughters per sire was 19 (range: 3–86), and the av-
erage number of sampled cows per herd was 31 (range: 
8–107). Milk samples were collected during the morning 
milking concurrently with the monthly test-day milk 
recording and were analyzed within 3 h from collection 
for RCT; a30; milk yield; fat, protein, and CN contents; 
SCC; pH; and titratable acidity (TA, Soxhlet-Henkel 
degrees/50 mL). Values of SCC were transformed to 
SCS by means of a logarithmic function. Milk coagula-
tion properties were measured through a computerized 
renneting meter (Polo Trade, Monselice, Italy) for 31 
min after the addition of rennet. Samples not form-
ing a curd within this testing time were classified as 
noncoagulating (9.7% of the total) and were excluded 
from the subsequent statistical analysis of RCT and a30. 
Isoelectric focusing analysis (Erhardt, 1989) was used 
to determine the CN genetic polymorphisms at β- and 
κ-CN loci. Descriptive statistics of all the variables are 
summarized in Cassandro et al. (2008), and observed 
frequencies of composite β- and κ-CN genotypes are 
reported in Comin et al. (2008).
Heritability for the studied traits was estimated using 
single-trait animal models, whereas genetic correlations 
between MCP and milk production traits were assessed 
using 14 sequential bivariate analyses in which a milk 
coagulation characteristic was analyzed simultaneously 
with milk yield, fat content, protein content, CN con-
tent, SCS, pH, or TA. The genetic correlation between 
RCT and a30 was also estimated in these analyses. All 
models accounted for herd (34 levels), DIM (14 levels: 
10 monthly classes up to 300 d, 3 bimonthly classes up 
to 480 d, and 1 open class beyond 480 d), and parity (3 
levels: first, second, and third and later lactations) as 
fixed effects and additive genetic animal and residual as 
random effects. To investigate the contribution of the 
composite β- and κ-CN genotypes on additive genetic 
variance of the traits, the aforementioned analyses were 
repeated including the composite genotypes grouped 
into 16 classes as described in Comin et al. (2008).
Variance and covariance components for the random 
factors were obtained with the VCE software package 
(Neumaier and Groeneveld, 1998), which uses REML 
procedures. The number of animals in the additive re-
lationship matrix was 7,387 and included all cows with 
phenotypic record and their ancestors up to 8 genera-
tions back. Pedigree information was supplied by the 
Italian Holstein Friesian Cattle Breeders Association 
(ANAFI, Cremona, Italy).
The inclusion of CN genotypes led to a decrease of 
47 and 68% in the genetic variance for RCT and a30, 
respectively (Table 1), revealing the strong contribu-
tion of genotypes to MCP variation and suggesting 
that β- and κ-CN are major genes for RCT and a30 
in Italian Holstein-Friesian cows. Results agree with 
the relevant effect of the genotypes on MCP in this 
population (Comin et al., 2008). Few research stud-
ies have reported the effect of milk protein genotypes 
on additive genetic variation of MCP (Oloffs et al., 
1992; Ikonen et al., 1999a). In particular, Ikonen et al. 
(1999a) adjusted MCP records of Finnish dairy cows 
for composite β- and κ-CN and β-LG genotype effects 
and found a much less pronounced influence of them on 
estimates of genetic variance of RCT and a30 (20 and 
24%, respectively) compared with the present study. On 
the other hand, Oloffs et al. (1992) reported an increase 
in additive genetic variation of MCP as milk protein 
genotypes were included in the model; this disagrees 
with the notable effect of protein loci on technological 
properties of milk. However, the authors did not use 
an animal model, and this could have influenced the 
outcome of their analysis.
The contribution of composite β- and κ-CN genotypes 
to additive genetic variance for milk yield; fat, protein, 
and CN contents; and SCS was negligible (Table 1), in 
accordance with findings from Ikonen et al. (1999a). 
Ojala et al. (1997) reported that composite κ-β-αS1-
CN genotypes explained approximately 15 and 7% of 
the additive genetic variance for milk production and 
fat content, respectively, in Holstein-Friesian cows in 
California. The genetic variance of pH and TA was re-
duced by 18 and 23%, respectively, when records where 
adjusted for composite β- and κ-CN genotypes (Table 
1). Ikonen et al. (1999a) reported a negligible effect of 
composite genotypes on pH, whereas no studies quan-
tifying the effect on TA are available in the scientific 
literature that the authors are aware of.
As a consequence of the relevant changes in additive 
genetic variation, heritability estimate decreased from 
0.248 to 0.143 for RCT and approached zero for a30, 
changing from 0.123 to 0.043 (Table 1). For pH and 
TA, moderate changes were detected (0.216 to 0.181 
and 0.195 to 0.154, respectively), whereas changes were 
negligible for other milk traits. Differences were not 
always significantly greater than zero (P > 0.05), but 
heritability estimates consistently decreased after in-
cluding the genotype effects in the model (except for 
fat content). Furthermore, changes in RCT and a30 were 
considerable, suggesting that these loci may account 
for a substantial proportion of heritability. Ojala et al. 
(1997) observed that removing milk protein genotypes 
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from the model increased heritability estimates of milk 
production and fat content by 0.05 and 0.03 units, re-
spectively.
Genetic correlations between RCT and a30 and be-
tween them and milk production traits obtained by 
including composite β- and κ-CN information (model 
2) were almost comparable with those obtained using 
model 1, but with higher standard errors of estimates 
(Table 2). No reason for the increase of standard errors 
was immediately obvious. Only the genetic correlation 
between SCS and MCP increased notably (more than 
doubled) in absolute value, albeit nonsignificantly (P 
> 0.05), when composite genotypes were included in 
the analysis. No estimates of the amount of changes 
in genetic correlations of MCP with production and 
quality traits after adjustment for composite genotypes 
are available in the literature, and further research is 
needed on a larger data set to confirm these results.
In conclusion, this study reported the notable influ-
ence of composite β- and κ-CN genotypes on MCP and 
the moderate to negligible effect on milk production 
traits. Heritability of RCT was still appreciable after 
adjustment for composite β- and κ-CN genotypes, 
suggesting that the recording of this trait cannot be 
replaced by genotyping of animals for milk protein vari-
ants. However, because MCP are affected by CN loci 
and because inexpensive and powerful techniques for 
simultaneous detection of the genetic variants are avail-
able, it can be argued that combining RCT data and 
CN information could provide a tool to better address 
future selection decisions aiming to improve MCP, par-
ticularly in countries such as Italy where the majority 
of milk is destined to cheese production.
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Δσ2a, %  
(model 2 − 1)
h2 ± SE
h2β-κ-CN  
(model 1 − 2)Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Rennet coagulation time, min 13.3423 13.9202 4.3992 2.3289 −47 0.248 ± 0.065 0.143 ± 0.063 0.105
Curd firmness, mm 92.7888 92.6136 13.0255 4.1247 −68 0.123 ± 0.049 0.043 ± 0.042 0.080
Milk yield, kg/d 41.3220 40.8556 3.1168 3.0046 −4 0.070 ± 0.040 0.069 ± 0.041 0.001
Fat, % 0.2649 0.2648 0.1790 0.1809 +1 0.403 ± 0.079 0.406 ± 0.074 −0.003
Protein, % 0.0647 0.0656 0.0293 0.0278 −5 0.312 ± 0.073 0.298 ± 0.072 0.014
CN, % 0.0408 0.0412 0.0214 0.0206 −4 0.344 ± 0.072 0.333 ± 0.072 0.011
SCS 3.0613 3.0675 0.1436 0.1423 −1 0.045 ± 0.030 0.044 ± 0.030 0.001
pH 0.00599 0.00616 0.00165 0.00136 −18 0.216 ± 0.060 0.181 ± 0.064 0.035
TA,3 SH°/50 mL 0.1081 0.1119 0.0262 0.0203 −23 0.195 ± 0.060 0.154 ± 0.062 0.041
1σ2e = residual variance; σ
2
a = additive genetic variance; h
2
β-κ-CN = contribution of the composite β- and κ-CN genotypes to h
2 from model 1 
(model 1 − 2).
2Model 2 is model 1 with the inclusion of composite β- and κ-CN genotypes.
3TA = titratable acidity; SH° = Soxhlet-Henkel degrees.
Table 2. Genetic correlations (±SE) between coagulation properties and milk yield and milk quality traits obtained with 2 linear models1 
Trait
Rennet coagulation time Curd firmness
Model 1 Model 2 Model 1 Model 2
Rennet coagulation time, min — —  −0.974 ± 0.050 −0.960 ± 0.108
Milk yield, kg/d −0.173 ± 0.263 −0.355 ± 0.343  0.186 ± 0.314 0.272 ± 0.476
Fat, % 0.030 ± 0.160 0.096 ± 0.195  0.036 ± 0.197 −0.033 ± 0.278
Protein, % −0.037 ± 0.175 −0.009 ± 0.222  0.435 ± 0.211 0.484 ± 0.377
CN, % −0.154 ± 0.169 −0.128 ± 0.214  0.559 ± 0.194 0.667 ± 0.444
SCS 0.168 ± 0.321 0.538 ± 0.348  −0.312 ± 0.345 −0.700 ± 0.447
pH 0.851 ± 0.093 0.862 ± 0.126  −0.908 ± 0.117 NE2
TA,3 SH°/50 mL −0.502 ± 0.167 −0.326 ± 0.256  0.727 ± 0.104 0.841 ± 0.394
1Model 2 is model 1 with the inclusion of composite β- and κ-CN genotypes.
2NE = not estimable.
3TA = titratable acidity; SH° = Soxhlet-Henkel degrees.
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